Adrenergic and serotonergic regulation of skeletal muscle metabolism in rat. I. The effects of adrenergic and serotonergic antagonists on the regulation of muscle amino acid release, glycogenolysis, and cyclic nucleotide levels.
The biochemical mechanisms of serotonergic and adrenergic action on skeletal muscle cyclic nucleotide, glycogen, and amino acid metabolism have been investigated in intact rat epitrochlaris skeletal muscle preparations. Endogenous catecholamine levels in these preparations were 28.6 +/- 2.1 pg/mg of muscle. Release of these catecholamines by tyramine produced a 25% inhibition of alanine and glutamine release. Pretreatment of animals in vivo with 6-hydroxydopamine depleted catecholamine content by 85%. On incubation, preparations from these pretreated animals showed no effect of tyramine on amino acid metabolism. Serotonin (10(-5) M) and epinephrine (10(-5) M) inhibited alanine and glutamine release equally in preparations from 6-hydroxydopamine-pretreated as compared to control rats. Adrenergic antagonists such as dl-propranolol (10(-8)-10(-6) M), oxprenolol (10(-8)-10(-6) M), and practolol (10(-6)-10(-4) M) blocked equally the inhibition of alanine and glutamine release, prevented the stimulations of muscle cAMP levels, phosphosphorylase a formation, and the depletion of muscle glycogen produced by either epinephrine or serotonin. In contrast, serotonergic antagonists such as methysergide (10(-8)-10(-6) M) and cyproheptadine (10(-8)-10(-6) M) blocked the inhibition of alanine and glutamine release, the stimulations of muscle cAMP levels and phosphorylase a formation, and the decreased muscle glycogen content effected by serotonin but not by epinephrine. Incubation of muscles with both epinephrine and serotonin together produced additive stimulation of muscle cAMP levels, but not of the inhibition of alanine and glutamine release. These data indicate that the action of these agonists on skeletal muscle protein and amino acid, glycogen, and cyclic nucleotide metabolism proceeds directly via separate and discrete serotonergic and adrenergic receptor-adenylyl cyclase mechanisms in skeletal muscle.